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Abstract 
Sixteen oil shale samples have been studied by means of organic petrology and pyrolysis. The samples were taken 
from Brown Shale and Sangkarewang Formations which were deposited in the Kiliran and Ombilin Basins, 
respectively, during Late Eocene syn-rift phase. The oil shale organic matter of Kiliran Basin is composed of mainly 
lamalginite and telalginite. The latter likely originate from Botryococcusbraunii. Sporinite, pollen grain and 
vitrinite are present in lower amounts. Vitrinite reflectance measurement of the oil shale results values averaging at 
0.29%. The organic matter in the Sangkarewang oil shale is dominated by lamalginite. Telalginite occurs only in 
limited numbers. Sporinite, resinite, pollen grain and vitrinitemacerals are also present in lower amounts. The oil 
shale has vitrinite reflectance values about 0.37%. Rock-Evalpyrolysis data exhibit Tmax 430oC and 436oC for 
Kiliran and Ombilin oil shales, respectively. Vitrinite reflectance and Tmax data suggest that the oil shales are 
immature, where the maturity of Ombilin oil shale is slightly higher than that of Kiliran oil shale. Total organic 
carbon (TOC) measurement results values about 5.61% and 5.01% for Kiliran and Ombilin oil shales, respectively. 
The presence of B. braunii-derived telalginite in the Kiliran oil shale confirms lacustrine deposition environments of most of paleogene source-
rocks in Central Sumatra. This organism probably also indicates that the Kiliran lake was less nutrients or less productive than the Ombilin lake. 
With respect to beneficiation prospect, the presence of B. braunii-derived organic matter might be one of contributors to the generally higher 
amounts of TOC as well as pyrolysis yield in the Kiliran oil shale. 
1. INTRODUCTION 
Oil shales are defined as organic-rich shales containing significant amounts of oil-prone kerogen and liberating 
crude oil upon heating. Oil shales containing a sufficient amount of organic matter, typically more than 5% organic 
content (Tissot and Welte, 1984), can be benefited as alternative sources for fossil fuels. Unlike conventional oil, 
gas and coal, oil shales have to be treated first to gain the shale oil. Some methods have been developed to extract 
shale oil by retorting, either from conventionally blasted and excavated oil shales or from in situ oil shales 
(Brendow, 2003; Burnham and McConaghy, 2006). The amount of world shale oil resources is of interest 
considering that oil shales might be as alternative fossil energy resources in the future, facing the continuous decline 
of world oil reserves and increase of general production costs for conventional oil. In Indonesia, oil shale inventory 
and research have been initiated as one of efforts to secure future domestic energy supply. DJMIGAS (2010) 
reported 11.3 billion tons of oil shale resources in Indonesia which equivalent to 2.7 billion barrels of shale oil. This 
amount is still increasing as exploration progresses. 
Oil shales consist of a diverse constituents of organic matter derived from higher plant remains to planktonic debris. 
The composition of organic matter constituents in shale is important as it determines the potential or the amounts of 
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oil and gas generated during heating (e.g. Peters et al., 2005). As an early stage of oil shale study in Indonesia, this 
paper discusses the origin of oil shales from Kiliran and Ombilin Basins, Sumatra. The objective of this paper is to 
characterize the organic matter constituents of the oil shales in relation with the potential of production by means of 
organic petrology and pyrolysis. 
 
 
Figure 1.Location map of study area.Kiliran and Ombilin Basins are located in central Sumatra and integrated into Barisan compressional belt 
(adapted from Darman and Sidi, 2000). 
 
2. STUDY AREA 
Kiliran and Ombilin Basins are located in central of Sumatra (Figure 1). They have been integrated into the Barisan 
compressional belt. Morphology of the Kiliran Basin is uncertain, as it is now fragmented and faulted in both flanks. 
Some authors regarded that this basin is part of Central Sumatra Basin (see Carnell et al., 1998). The establishment 
of Kiliran and Ombilin Basins was begun in Eocene, when rifting initiated in the region. As rifting progressed 
rapidly in Late Eocene, depositions of Brown Shale and Sangkarewang Formations in Kiliran and Ombilin Basins, 
respectively, occurred. The Brown Shale and Sangkarewang Formations consist of organic-rich shales and were 
deposited in deep lacustrine environments where euxinic conditions were present in the water columns 
(Koesoemadinata and Matasak, 1981; Carnell et al., 1998; de Smet and Barber, 2005; and references therein). 
 
3. SAMPLE MATERIAL AND METHODS 
Sixteen samples were collected from 102 m long drill core of Brown Shale Formation and 56 m long drill core from 
Sangkarewang Formation. Grab sampling was applied along the cores. 
The sample preparation and microscopic analysis follow the procedures described by Taylor et al. (1998). Oil shale 
particles of about 1 mm in diameter were prepared for polished sections. The particles were embedded in a silicone 
mould using epoxy resin as embedding medium. The samples were then ground and polished. Microscopic analysis 
was conducted in a Zeiss Axio Imager A2m reflected-light microscope to identify and quantify macerals of the oil 
shales. At least 300 points were counted for macerals and mineral matter. Mean random vitrinite reflectance 
measurements were performed on the surface of vitrinite particles under oil immersion on the microscope. About 
twenty five points of vitrinite reflectance were measured on each sample. 
Rock-Eval pyrolysis follows the procedure described by Espitalié et al. (1977) to determine Tmax, hydrogen index 
(HI) and oxygen index (OI). About 20 mg of pulverized samples (<200 micron) were pyrolyzed using a Rock-
EvalIIb instrument in a helium atmosphere. The samples were first heated to 300o C with 3 min isothermal at this 
temperature. The heating was then continued until 550o C at a rate of 25o C/min. The sample was then kept 
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4. RESULTS AND DISCUSSION
Microscope examination indicates the predominance of liptinitemaceral groups in the organic matter of both Kiliran
and Ombilin oil shales as shown in Table 1. Lamalginite and telalginite account as major consituents in Kiliran oil
shale organic matter, averaging at 19.2% and 17.7%, respectively. In Ombilin oil shale, lamalginite is abundant with
an average value of 31.3%, whereas telalginite is relatively rare, averaging at 1.1%. Resinite and sporinite are
present only in minor amounts in both oil shales, generally less than 1.1%. Vitrinite is found in both oil shales, it
only accounts as minor constituent, about 5%. Pyrite mineral is observed in both oil shales, typically showing
framboidal structure. The photomicrographs of the oil shale components are shown in Figure 2.




Kiliran Oil Shale Ombilin Oil Shale
Min Max Avg. Min Max Avg.
% (v/v for macerals)
Lamalginite 5.0 37.3 19.2 19.7 40.7 31.3
Telalginite 5.0 30.4 17.7 0 1.7 1.1
Vitrinite 1.7 8.3 4.5 2.2 9.0 5.1
Resinite 0 1.4 1.0 0 2.0 1.1
Sporinite 0 1.7 1.1 0 0.7 0.4
Minerals 35.2 77.3 57.7 51.0 73.0 62.4
Rr 0.21 0.44 0.29 0.28 0.44 0.37
Figure2. Photomicrographs of oil shales from Kiliran Basin (A, B) and Ombilin Basin (C, D), oil immersion.Lamalginite (La) typically shows
lamellar structure and interlayered by minerals. Telalginite (Te) typically exhibits botryal structure, indicating the presence of 
Botryococcusbraunii as its possible origin. Vitrinite is observed as particle debris among the mineral grains. Pyrite (Py) mostly forms framboidal
structures, suggesting anoxic or euxinic environments. The photomicrographs A and C were taken under fluorescence illumination. The scale 
bars indicate 50 μm of length.
Lamalginite is present as lamellar structure which interlayered by minerals. This maceral commonly originate from
microalgae with thin cellular wall and bacteria (Hutton, 1987). The less strength of cellular wall derives individually 
unstructured cells, so that the origin is commonly less identified. Telalginite is very abundant in Kiliran oil shale.
This maceral is commonly derived from large colonial or thick-walled unicellular algae (Hutton, 1987). In the 
Kiliran oil shale, telalginite shows botryal structure, suggesting Botryococcusbraunii as its origin. This organism has
frequently been regarded as main biological source of central Sumatra oils based on palynological and geochemical
data (see e.g. Williams et al., 1995; Sladen, 1997; Carnell et al., 1998). The presence of B. braunii is interesting, as
this organism is restricted to lake environments (Metzger and Largeau, 2005). Its presence, therefore, confirms
lacustrine depositional environments of the Kiliran oil shale. Specifically, this organism remains indicate that the 
Kiliranlake was developed in less nutrients environments, while the Ombilin lake might be developed in more
abundant nutrients environments. Many authors have reported that B. braunii lives in less of nutrients or
oligotrophic environments and would be replaced by other algae in more abundant nutrients environments (see e.g.
Tyson et al., 1995; Smittenberg et al., 2005; Xu et al., 2009).
Vitrinite is observed as particle debris among mineral grains. The small particles and relatively less abundance of 
vitrinite reveal the less contribution of terrestrial plants into the organic matter of oil shale. This is evident as both
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oil shales were deposited in deep aquatic environments (Carnell et al., 1998; de Smet and Barber, 2005). The 
reflectance of vitrinite values in Kiliran and Ombilin oil shales are averaging at 0.29% and 0.37%, respectively. 
These average values indicate the maturity of Ombilin oil shale is relatively higher than that of Kiliran oil shale. 
Pyrite is the most interesting among the mineral assemblages. Pyrite in both oil shales forms mostly framboidal 
structures. Framboidal pyrite is only derived in anoxic or euxinic environments, as the agent bacteria require such 
conditions (e.g. Chowdhury and Noble, 1996). Anoxic and euxinic environments are very important with respect to 
organic matter preservation. Anaerobic degradation is thermodynamically less efficient than aerobic degradation 
(Peters et al., 2005). The deposited organic matter in Kiliran and Ombilin lakes were efficiently preserved most 
probably caused by the absence of oxygen in bottom waters. 
 
Table 2. Parameters obtained from Rock-Evalpyolysis.  
Rock-Eval 
Parameters 
Kiliran Oil Shale Ombilin Oil Shale * 
Min Max Avg. Min Max Avg. 
S1 (mg/g rock) 0.10 1.18 0.57 1.7 4.33 3.22 
S2 (mg/g rock) 5.98 65.54 34.38 25.77 38.46 32.00 
S3 (mg/g rock) 0.78 4.97 2.12 0.37 0.93 0.63 
Tmax (oC) 423 435 430 435 439 436 
TOC (%) 2.10 10.94 5.61 3.55 5.87 5.01 
OI (mg CO2/g 
TOC) 
25.30 49.14 38.77 6.58 21.42 13.15 
HI (mg HC/g 
TOC) 
285.3 754.9 553.6 497.4 752.7 648.9 
PI 0.01 0.02 0.02 0.06 0.13 0.09 
* Only five samples were pyrolyzed. 
TOC: Total Organic Matter; OI: Oxygen Index; HI: Hydrogen Index; 
PI: Production Index 
 
Rock-Eval pyrolysis result is presented in Table 2. The Tmax values are about 430oC and 436oC for Kiliran and 
Ombilin oil shales, respectively. The higher Tmax value of Ombilin oil shale is consistent with the higher reflectance 
of vitrinite value. This confirms that the maturity of Ombilin oil shale is relatively higher than that of Kiliran oil 
shale. 
As inferred from total organic carbon (TOC), the amount of organic matter in Kiliran oil shale varies from 2.10% to 
10.94%, averaging at 5.61%. TOC of Ombilin oil shale shows more homogenous values, ranging from 3.55% to 
5.87% with an average value of 5.01%. Considering the higher TOC of Kiliran oil shale, it is expected that the 
pyrolysis yield would also be higher. 
The production index (PI) values of both oil shales are generally low, as they are immature source rocks. The PI 
values of Ombilin oil shale are higher than those of Kiliran oil shale. This is in agreement with their relative 
maturity. 
Plot of hydrogen index (HI) vs oxygen index (OI) as shown in Figure 3 reveals type I-II of organic matter for both 
oil shales. Upon heating, type I-II organic matter would generate more oil than gas or oil-prone, as they are 
dominated by liptinite group macerals which commonly contain rich of hydrogen (e.g. Taylor et al., 1998). 
Tendency to type II organic matter might be related to the presence of vitrinite debris in lower amount contributed 
from surrounding areas. 
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Figure 3.Plot of hydrogen index (HI) vs oxygen index (OI) of the Kiliran and Ombilin oil shales, revealing type I-II organic matter. Tendency to
type II organic matter might be related to the presence of vitrinitemaceral in lower amount.
With respect to petroleum generation potential, the presence of B. braunii in the Kiliran oil shale is interesting. This 
organism has been widely reported to generate hydrocarbon in higher amount than the other common aquatic
organisms (e.g. Metzger and Largeau, 2005; and references therein). The generally higher TOC of Kiliran oil shale
than that of Ombilin oil shale might be partly accounted by B. braunii. 
5. CONCLUSIONS
Several conclusions can be drawn from the observed organic matter of Kiliran and Ombilin oil shales:
1. Kiliran and Ombilin oil shales are composed of mainly liptinitemacerals (lamalginite and telalginite) and only 
minor amount of vitrinitemaceral. Plot of hydrogen index and oxygen index of both oil shales reveals type I-II
of organic matter.
2. Reflectance of vitrinite and Tmax measurements indicate that the organic matter maturity of Ombilin oil shale is
higher than that of Kiliran oil shale.
3. Telalginite might be derived from B. braunii and is only abundant in Kiliran oil shale. The abundance of this
maceral in this oil shale probably contributes to the higher TOC and pyrolysis yield.
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